It has been hypothesized that Rab3A, a small GTPase, may 
Introduction
Rab3A is a small GTP binding protein, associated with synaptic vesicles, that is considered to play an important role in modulation of synaptic transmitter release through regulation of vesicle trafficking and membrane fusion [1] [2] [3] [4] [5] . Rab3A also undergoes membrane dissociation-association, paralleling the synaptic membrane cycle, and is involved in regulating exocytosis as a synaptic vesicle membrane protein [6] . In a recent study using Rab3A gene-deleted mice, synaptic vesicle docking to the presynaptic membrane and regulation of synaptic vesicle exocytosis were shown to be impaired at the neuromuscular synapses [7, 8] . Furthermore, our previous study indicated that Rab3A-siRNA injected into the rat vagus nerve is involved in modulating the level of transcytosis of the tracer enzyme, wheat germ agglutinin conjugated with horseradish peroxidase (WGA-HRP), at synaptic junctions [9] . However, the mechanisms involved in this effect of Rab3A-siRNA on transcytosis remain to be elucidated. The aim of the present study was to investigate the possible mechanisms involved.
Materials and Methods
The present experiments were performed on male Wistar rats (SLC, Hamamatsu, Japan), weighing 210 -360 g. The animals were housed in separate cages and maintained under standard laboratory conditions (23˚C ± 1˚C, of HRP-Labeled Marker Proteins in Rat CNS Neurons 12-h light: 12-h dark cycle, food and water ad libitum). The experimental procedures were conducted in accordance with National Institute of Health for Care and Use of Laboratory Animals. The Kagawa University Animal Care and Use Committee approved the procedures, and all efforts were made to minimize the number of animals used and their suffering.
Animals were anesthetized with intraperitoneal injection of chloral hydrate (490 mg/kg) for all surgical procedures. Groups of rats were each injected with 2.5 -3.0 μl of a solution of 4% WGA-HRP alone (control group) or a solution of 4%WGA-HRP containing 1 nM Rab3A-siRNA (experimental group) into the right vagus nerve using a 10-μl Hamilton micro-syringe. After a survival period of 12, 24 and 48 h, the animals were sacrificed by perfusion through the ascending aorta with 0.1 M phosphate buffer (pH 7.4) followed by a mixture of 1% paraformaldehyde and 1.25% glutaraldehyde in 0.1 M phosphate buffer. The brain stem was removed from the skull. In 6 control and 7 experimental animals, 30 μm-thick frozen sections containing the nucleus of solitary tract (NST) and vagus verve nuclei were cut and processed for demonstration of HRP-reaction product (RP) according to the TMB method [10] . In another 12 control and 9 experimental animals, the blocks containing the NST and dorsal motor nucleus of the vagus nerve (DMV) were cut transversely into 200 μm-thick sections using a vibratome (Leica VT 1000S, Germany). These blocks were processed for demonstration of HRP-RP according to a heavy metal-intensified DAB method [11] . In experiments using the DAB method, the sections were postfixed in buffered 1% osmium tetroxide for 2 h, block-stained in saturated uranyl acetate, dehydrated in alcohols and embedded in an epoxy resin mixture in preparation for electron microscopy. These blocks were cut on an ultramicrotome to yield 1 μm-thick sections which were stained with 1% toluidine blue. These sections were used to locate the regions of the block that contained the NST region. Ultrathin sections of this region were cut and observed without further lead staining using a JEM 200 CX electron microscope.
In addition, 9 control (non-operated), 15 WGA-HRP injection and 19 WGA-HRP injection with Rab3A-siRNA rats were perfused with RNase free condition of 0.9% saline after a survival period of 12 h. The nodose ganglion ipsilateral to the injections was removed and quantitative real-time RT-PCR analysis of Rab3A-mRNA was performed. Total RNA was extracted from each nodose ganglion by homogenizing in TRIzol reagent (Invitrogen, USA). The concentration and purity of the extracted RNA were evaluated by optical density measurements at 260 nm and 280 nm using a spectrophotometer.
One microgram of total RNA in the nodose ganglion was dissolved in RNase-free water, mixed with reactionmix (including random primer and RNase inhibitor) and cDNA was synthesized using the High Capacity cDNA reverse transcription kit (Applied Biosystems, Foster City, USA). The cDNA was stored at -80 °C until comparison by Real-time quantitative RT-PCR analysis. To evaluate an appropriate internal control, co-amplification of a glyceraldehyde-3-phosphate dehydrogenase (GAPDH) mRNA was performed in each sample. The following forward (F) and reverse (R) primers used in the present study are shown in Table 1 .
Quantitative real-time RT-PCR was performed using a LightCycler (Roche Diagnostics Ltd, Lewes, UK). Reactions for PCR were performed in a 20 μl volume with 5 μl of the cDNA diluted 4 times, 0.5 μM primers and reagents included in the LightCycler-FastStart DNA Master SYBR Green I mix (Roche Diagnostics Ltd, Lewes, UK). The amplification of cDNA protocol consisted of one cycle at 95˚C for 10 min followed by 35 cycles at 95˚C for 10 s, 65˚C for 10 s, 72˚C for 10 s, and 87˚C for 2 s. Detection of the fluorescent products was carried out at the end of the 87˚C extension period. To confirm amplification specificity, the PCR products were subjected to melting curve analysis. A similar electrophoresis of amplification product without reverse transcription (RT) was also performed for each sample as a negative control. The quantification of all data was analyzed with the LightCycler analysis software. Data on the mRNAs for Rab3A was expressed as the ratio of the mRNA for the housekeeping gene GAPDH ( Table 1) . Group means and 
Results

Light and Electron Microscopical Observations
Injection of WA-HRP into the right vagus nerve resulted in heavy labeling of fibers in the NST dorsal or dorsolateral to the DMV with ipsilateral predominance. HRP-RP was identified more clearly as electron-dense materials when lead citrate staining was omitted. In the neuropil of the NST, the RP showed membrane-bound lysosomes or lysosomal-like structures in axons and terminals. Although there was labeling present at all time periods studied after injection, labeling seemed to be more dense on the case of survival period of 48 h. In addition, vesicle trafficking to active zones and docking to presynaptic membranes were observed in the terminals (Figure 2(a) ). However, there were very few or no terminals showing neuronal transcytosis of HRP-RP. Co-injection of Rab3A-siRNA with WGA-HRP also resulted in anterograde labeling which was more prominent in the NST ipsilateral to the injection side than in the contralateral side (Figure 1(a) ). The labeling was greater 24 and 48 h after injection compared to 12 h after injection. The RP in the terminals, preterminals and axons was frequently observed to form a heavy accumulation (Figures 2(c)-(f) ) and contain membranous substance showing structures which had the appearance of having been phagocytosed (Figure 2(e) ). Approximately 60% of the total number of terminals (n = 214) containing the RP revealed not only suppression of vesicle docking to presynaptic membranes (Figures 2(b) and (c)) but also central concentration of synaptic vesicles containing small dense core vesicles (Figure 2(d) ). Furthermore, it was of particular interest that the neuronal transcytosis of tracer enzyme appeared to have occurred randomly at various portions of the axodendritic membranes. The appearance of the HRP-RP in relation to the membranes was characterized as either the "passing type" (Figure 3(a) ) or, because of the indentation of axodendritic membranes into the dendrites, as the "secretion type" (Figures 3(b)-(d) ) [9] . 
Quantitative RT-PCR Analysis
The amplified PCR products from Rab3A and GAPDH showed a single and sharp transition in the melting curve analysis (Figure 1(d) ) indicating a single PCR product. There was no evidence of primer-dimer formation with the number of cycles used in the present study. Electrophoresis of these PCR products showed a single band (Figure 1(c)) . Omission of the cDNA synthesizing procedure resulted in there being no specific amplification of PCR products (data not shown). Figure 1(b) shows the mean ± SEM ratio between the expressions of mRNA for Rab3A and the housekeeping gene GAPDH in the different groups of rats. Expression of Rab3A-mRNA in the nodose ganglion was apparently depressed after co-injection of Rab3A-siRNA with WGA-HRP into the vagus nerve, compared to that in control animals. Expression of Rab3A-mRNA in WGA-HRP injected group showed significantly higher measures than other two groups (Figure 1(b) ). Rab3A selective siRNA mixture (target-specific siRNA for Rho/Rab subfamily, santa cruz, sc-36343) did not show any sign of behavioral toxicity.
Discussion
Our present study has shown that disruption of the expression of Rab3A using Rab3A-siRNA can modulate neuronal transcytosis as visualized using WGA-HRP labeling. The inhibition of the expression of Rab3A-mRNA in the nodose ganglion by the injection of Rab3A-siRNA into the vagus nerve was accompanied by morphological The morphological changes observed in the present study are consistent with the suggestion that there was a suppression of trafficking of HRP-labeled vesicles to active zones as well as inhibition of their docking to presynaptic membranes.
The "passing type" of transcytosis of protein demonstrated in the present and previous studies is quite similar to the diacrine manner in the exocrine gland which is frequently observed in secretion into the intestinal lumen [13] . In the central nervous system, the diacrine manner is also suggested to exist in GABA release during the cerebellar development [14] . On the other hand, "secretion type" shows the apocrine-like manner observed in the sweat and mammary glands. The exact reasons for changes of membranes, particularly exhibiting the indentation of axodendritic membranes into the dendrites in the rat co-injected with Rab3A-siRNA and WGA-HRP, are unclear. However, cytoskeletal changes of neurons might lead to the initiation of the "secretion" type of transcytosis because WGA and Rab proteins exert effects on cellular content of F-actin [15] [16] [17] .
Neuronal transcytosis of protein has been well documented for neurotrophic factors, such as IGF, NT-3 and BDNF [18] [19] [20] [21] . In those studies, transcytosis is described in detail and shown to require the initial packaging of the proteins involved into large dense-core vesicles (LDCVs) by the cellular Golgi system followed by the release of the neurotrophic factors from LDCVs at the nerve terminals. However, the findings reported here show the morphological characteristics of inter-neuronal transfer of protein without packaging into LDCVs. This apparently means that in transcytosis of proteins there is an independent system for chemical transmission induced by exocytosis of synaptic vesicles including LDCVs. In the present study the change of synaptic membranes induced by Rab3A-siRNA effects on the pattern of neuronal transcytosis of proteins which are increased in neuronal cells. It should be needed for such brain conditions to investigate the relationship with neurological disorder. In this point, our recent study in ethanol exposure rats showed "apocrine-like structure" which was quite similar to that reported here and additionally lower expression of Rab3A-mRNA in the specific areas of the central nervous system (unpublished data). On the other hand, coinjection of Rab3A-siRNA with WGA-HRP resulted in small DCVs in terminals as shown in Figure 2(d) . This finding might raise the possibility that inhibition of the expression of Rab3A-mRNA leads to loss or reduction of size of DCVs and interferes with biogenesis of DCVs [22, 23] .
The present study indicated that Rab3A-siRNA leads to morphological changes of membranes and is involved in regulating the neuronal transcytosis of protein. The morphology of the transcytosis of protein demonstrated here is quite different from vesicular exocytosis involved in chemical synaptic transmission.
